3]

s '?r e, i b Ao
B e A R A o A Y Y i L
'-:g;: Ve S A A S P A LR A S W)

188

R T O T N S BT

ORI TSR ARl ST UL ) B A I T
RS, AR D s SN SR P R R T AT S I 4 g

JuLy 1973

AD-765 421

THE POTENTIAL USF OF POLARIZED REFLECTED LIGHT IN
THE REMCTE SENSING OF SOIL MOISTURE

ARMY ELECTRONICS COMMAND

 DISTRIBUTED BY:

' NinaE ecimical Information Service
U. S. DEPARTMENT OF COMMERCE




¢
231

S

421

.‘.CQ.'0.0..000.“..Q.000..Q0.0.00.‘0.0.0”...0......0.0..

5

i
5

AD 76

B

- o A IR R S

000000000000 060080000000

ECOM

UNIED STATES ARMY ELECTRONICS COMMAND - FORT MONMOUTH, NEW JERSEY 07703

{AD J
Reports Control-Symbol
OSD-1366

RESEARCH AND DEVELOPMENT TECHNICAL REPORT

ECOM-5501

THE POTENTIAL USE OF POLARIZED REFLECTED
LIGHT IN THE REMOTE SENSING OF

- §0iL MOISTURE

2n X i
~ £
e
By !
Barry Doli

Atmospheric Sciences Lakordtory
US Army Electronics Command
White Sards Missile Runge, New Mexico 88002

July 1973

Approved for public release; distribution unlimited.

Reproducuid by

NATIONAL TECHNICAL
INFORMATION SERVICE

U S Dogartment of Commerce
Springtinld VA 2718}

-

i
SR

SRS

0k

\
N,

ey o
GEAT I

G
FoCoR:

T

2ok

it

Faipoiin E S b . S A S L B T BRI



v e e 1 VoAb A A e bttt e P o - - IR 1
i
i
i
i_ﬁl;‘ﬂ:':_i\.ilf?:. "‘_ .:.i,k » » N o T l C E s ; o
CHH Ve f
pac bow i 13
UlAtiS 5.5 o )
NSUGIeA L - o
NSRSk gAY D L
T e .
vy
!
I Disciaimers
‘ |
|

mé'jﬁndings in this report are not to be construed as an of- :
¢ ficial Department of the Army position, unless so designated P
by other authorized documents. E

...The citation of trade names and names of manufacturers in . e
this report is not to be construed as official Government in- o
dorsement or approval of commercial products or serviccs
referenced herein. '

Disposition

Destroy this report when it is no longer needed. Do not
retum it to the originator.




]

0 PP —_— )
r&tf&mwmmwwa,mwmr S S e P L O S Tt

UNCLASSIFIED

Securltx Classification

DOCUMENT CONTROL DATA-R & D

(Security clasailication of title, dody of adstract and indexing tation must be entared when the overall report i clnulllodg
1. QRIGINATING ACTIVITY (Corpotate author) 28, REPORT ucum'rv CLASSIFICATION
WINCLASSTF

Atmospheric Sciences Laboratory

White Sands Missile Range, New Mexico 88002 2b. GRouP

3. REPORT TITLK

THE POTENTIAL USE OF POLARIZED REFLECTED LIGHT IN THE REMOTE STwSING OF SOIL MIISTURE

4. CESCRIPTIVL NOTES (Type of report and inclusive dates)

B AUTHOR(S) (Firet name, middle initial, laet neme)

SP/4 Barry Doll

R

8. RERQAY DAY 78, YOYAL NO OF PAGE. 7H. NO. OF REFS
July 1973 + /9
34, CONTRACT OR GRANT NO. %4, ORIGINATOR'S REFORY NUMBKRI(S)
b, PROJECT NO. cCOM~550|
o DA Task No. |TO61102B53A-]7 [} &}:{':‘:ot:‘fvouv NQ{S) (Any other numbers that mey be sssigned
d.

10. DISTRIBUTION STATEMENT

Approved for public release; distribution uniimited,

TR

R A R A P T 20 e

R

R

YA

Siich

11 SUPPLLMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

US Army Electronlics Command
Fort Monmouth, New Jersey 07703

AP

K

13, A8STRACT

Polarization of light reflected from soil and san” samples Is studied as surface
moisture and texiure of the samples are varied. A reflectometer equlpped with

a rotating analyzer records the polarization percentage of the reflected Iight.
The percentage of polarization runs from 15.5% for dry soil to 89% for saturated
soll, indlcating that the polarization method may be viable as u remote sensing
system for determining soll molstures. Background on the mathads and impllications
of the resuits are prasented.

et g £ ot s e o 704t % we s s n

[erpa—

S A e Va4 e e oyt 5 o

Joere b

AR g

h—-———m
DD E%.1473 s e

Sn-mhy Cleseificatioa

L

/1

g R



INCIQIQSIFIEE
ecurity Classliication

i

14. KEY woRDS LINK A LINK B LINK €
HOLE LA ROt & wT ROLC wr
. Polarization
2. Reflected Light
3. Remote Sensing
WNCLASSIFIED
[P Secutity Clasallicstion

i
i
}
13
¢
¥
?
.
2
]

e oAb B o g | e s TR P S RS TRIRS

et At s



Y S o vy 8

B

PREFACE

PR

Figure 1 was providad by NASA, Figure 2 by the Department of

Meteorology, UCLA. Figures 3-5 are adapted from graphs g
provided by the Department of Meteorology, UCLA.
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INTRODUCT ION

The sbility to rapidly move mechanized equipment over all

types of terrain is essential 1o any modern army. Since

mst of the earth's land surface is covered by some kind

ot soil, the army must concern itself with problems of soil

trafficability. Some of the physical factors affecting

trafficability inctude soil type, texture, compaction, and

moisture; slope and relief; the local hydrologic situation;

climate; and vegetation type and density. Of these, the *

most important short-term variable for a particular location ;
is undoubtedly soil molsture. A change In molsture contem 3
of sofil can make a normally trafficable zone effectively ‘
impassable to wheeled vehicles in a metter of hours.

REMOTE SOIL SENSING

4 number of remote sensing techniques have been applied to

the study of soils, and a few have been used to look at soil
moisture. Aerial photography can be used to obtaln a rough
idea of the water content of a soil; one of the tirst

Gemini photos shows a darkened swath of West Texas soil that
had been dampened by a thunderstorm (Figure !, Black and
white Infrared fiilm can be used to locate water av the surface,
since any water present will record as black.

The Army Englineers Waterways Experiment Staticon has used a
four-band radar system at a 15-meter alevaticn fo study surface
water and soil moisture [I, pp. 52-53]. Other organizations

iwve tried to apply varlous types of ragar, Including pulsed
revar and radar scatterometry, to the same protblem [1, pp. 53-551.

Passive micrcwave radiometry has shown @ great deal of
promise In determining surface composition and texture,
moisture content, and tayering., The Space General Division
ot Acrojet Goreral Corp. has done extensive work in this
area, including some successful tests with alrborne sensors
{1, p. 99]. NASA is currantiy interasted in using _polarized
mICnQdea 1abistion To study surfecw condilivhs Lol

i. M@ed!eﬁan S. M., and C. €. Moliraux, 1989, "Earth Science
ﬁon!red to Military Use of Natural Terrain," Air Force
Surveys In Geophysics, Mo. 211,

Z. whi?eheac, ViCTOr‘. :‘vRSA, VU‘LG;VCOFHY...‘IH.J*IQ{!’ 1972,

Preceding page blank
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POLARIZED REFLECTED LIGHT

e
TR

Another potentially valuable remote sensing tool for the study

of =oil moisture would involve the phenomenon of the polarization
of tight wher It is reflected from natural surfaces. Virfually
any natural surface alters the polarization properties of light
which is reflected from it. In the case of impinging sunlight,
which is essentially unpolarized, the resulting reflected

light will exhibit some polarization. Natural surfaces therefore
_fall somewhere between the iwo theoretical exiremss of

ref lection properties:

(1) The Lambertian surface, from which the reflected light
Is unpoiarized, its intensity Indeperds~t of the angle
of illumination; and

(2) the classical specular reflector, from which the light
is completely polarized, behaving according to
Fresnel's laws.

For the purpose of studying reflected eartniight, the earth's
lan? surface has gererzily been considered Yo be a Lambertien
(3, p. 4] retlector. Most surface moaterials, when dry, refiect
light that is very weakly polarized. Undisturtred water, howsver,
Is the closest common approximation Yo a spaculer refiector,
and light retlected from Its surfuce my be nearly (00f
polarizad {at lesst In Yho laboratery). As water is cdded to
3 dry soil, therafors, we can oxpect that the percentage of
poiagrization of light roflacted {rom the soll will Ingrence
steadily as it more and more %*rongiy adopts the ratiecting
propertias of water.

" Becsuse the phensmana of rgfie¢°eé'iigﬂ* erg irportant 1o the
study of various probless in physics and metecrciogy, tharg
has bese extansive wark gone in this area. Coulscn (4] hus
sufparized 3 great Zesl of i1, including Ris gwn eng Thet
of gthers in the field af polorized coflegted lignt, in _
1955, Woo, Chan, Snkers. ang othery at UCLA, sith the initiail
waistencd of Loulsen, began Studying the retlect ion
fotrices of natural surisces. They bhavg sirde yprovigeg

3. Cnen, Mei-shy, €, R, Nagaraje Rso, and 2. Sekers, 1967,
"%merheefmnﬁ of the i*c&arar’-hﬂﬂ of Light Rettectad by
C Ratyrsl ﬁur*e*ﬁ " geientifis Beport Mo, 2, Contract
Ne, 2 &F 19 {6287 - 3850, Dept. of Nevmursiogy, NCLA.

T of hatura. Murfaces in Rerial Recenngissance M Appl ted
Optigs, 5, &, on, w{i‘j:—h 7.

4. Guungw £, L,, 19886, “Fifacts o F%*ihcfsen Pr@b&r?:es




theoretical backgrounds for their study and methods [3, pp. 4-12],
[57], as well as extensive reports of their findings [6]. They
have been interested mainiy in characterizing the polarization
response of light in various conbinations of incidence and
reflection angles, although they have also varied the surface
compos ition to some extent.

The group at UCLA obtained noticeable difterences in polarization
factors when they charged the reflecting surface material. This
fact suggests that the polarization of the reflected light

might be studied to provide information about The surface.
During the week of 28 August 1972 - | September 1972, the

author visited Dr. Rao at his i1choratory at UCLA o make
preliminary measurements cf the light refiected from surfaces

of varying texture and moisture. The experimentsl apparatus

and instrumentetion used {(See Figuré 2} were Simiaf 70

those described previocusly by Chen et al, U3, pp. 16-22],

but In their present form they remsTn 7o be described more fully
in g forthcoming paper,

EXPERIMENTAL PROCEDURE

in all the experiments, the illumination source angle was

kept constant (53° 00' from the vertical), while the refiection

angle was moved in 6° increments through mos? of the prirncipal

plane. Sirce the most signiiicant resuits are in The specular -

hat t~plane {cpposite the soureq), only fThesa are shown for ¢ach

of the tests. The roflectomtor was equipped with a rotating

analyzor, 23d the degree of plane polariseticn was dotarmined

by '
2w {1 SR P 72 4§ TN 2 S - i)

max min' " sax mia o

wharg £ is the Jegree of plane polarization, and 1 and |

are tho maximym and mingsum valwss, respoctiveiy, ﬁ?gihe win

rodiation transmitted through the analyzer, as axplaineg by

Coulsen {2, p. 9003, ' '

i

5. Rao, C. R. Negarajs, H. &, (hen, and T, Tewaskims, 1§7i,
"Laboratory Determination of fhg Caractoringi
Matricas of Netural Surfasces,™ J. Poys. U.: A
sp. 1057-1562.

Fosd
-

Has, C. =. Ragarejo, and Msi-shy Chen, 1969, "An Atias

of Polarization Faeatures of Light Pot¥iected by Dssert
Sang, Whive Sand, 2nd $011," Scienti¢i_ Heport XNo. §,
Contrect Ko, FI%E28-67-(-0175, Jept. of Meteorslogy, USLA.
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Lxparimental apparatus consisting of (A) Quartz-halogen

light carriage, (&) Control panel, (C) Sample Tray, and

(D) Rotating~analyzer polarimeter.
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The surface material used in the texture-variation experiment was
a dry, sandv, granitic soil, which was separated into four
particle-size ranges. Samples were placed In trays and

smoothed viith a screed; results are found in Figure 3. The

same soil, minus any particles larger than 0.47cm (0.185 in.),
was used in the soil moisture fests (Figure 4), along with an
additional sample of white gypsum sand (Figure 5). The
variables introduced in the moisture test. are shown in

the key following Figure 4.

Because of time limitations, we were not able to vary any
properties other than texture and moisture. |In the future,

it would be profitable to study the effects of changing the
microrelief, tracc element composition, and compaction (including
frozen vs unfrozoen surfaces).

TEST RESULTS

The results obtained by varying the texture of the soil (Figure
3) were relatively uniform. The only significant difference

in readings was between the coarsest sample, which was
ecsentially a fine gravel, and the three finer samples. Work
with still coarser samples should probably be dore to fully
evaluate the effect of particle size on polarization.

The tests done with sand and soil molsture (Figures 4 and 5)
revealed a phenomenon which could be exploited by remote
sensors. At the optimum reflection angle (approximately

60 degrees), polarization of the reflected Iight varied from
15.5% for dry soil to 89% for saturated soil, with a nearly
linear progression of values between the extremes. The

range of polarization values is such that very accurate
moisture determinations should be possible, especially if
previous readings have established a standard for the surface
under scrutiny, In this case, as in many others connected

v th remote sensing, it would be quite advantageous to combine
different kinds of remote sensors to maximize the obtainable
information. Passes over an area of interest with {R and
passive microwave sensors, for example, might provide

enough compositional data to allow precise moisture determinations
with a polarimeter. Any kind of meteorological data would, of
course, be of great help as well (see the following section).
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SOURCE ANGLE

FOR ALL TESTS: W A = 49804
NATURAL LIGHT
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100 ~
ol SYMBOL PARTICLE SIZE
coe o <0.2imm (0.0083")

B XX XX BETWEEN 0.59mm (0.0232") and 0.83mm (0.0328")
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2 06000 > 4.70mm (0.1880%)

2l _
N
0 o * 3 .
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Figure 3. Dry sotl, varying
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REFLECTION ANGLE

SAMPLE | DRY, BROWNISH SOIL, PARTICLES SMALLER THAN
4.70mm (0.185") , SMOOTHED WITH A SCREED.

SAMPLE 2. SAME SOIL., SPRINKLED UNIFORMLY WITH WATER

SURFACE DARKER THAN IN“* |. WATER CONTENT: 5.5%
BY WEIGHT.

SAMPLE 3. SAME SOIL, MIXED WITH WATER BY HAND. SURFACE

DARKER THAN IN *2. USE OF A SCREED CAUSED THE

SURFACE TO APPEAR TORN. WATER CONTENT:. 6.8% BY
WEIGHT.

SAMPLE 4 SAME AS “3, BUT WITH WATER CONTENT OF 12.7%.
SURFACE APPEARED DARKER THAN IN #3.

SAMPLE 5. WATER WAS ADDED TO THE SOIL UNTIL IT OBTAINED
THE CONSISTENCY OF SLIDING MUD. SURFACE HAD AN
OVERALL GLEAM.

Soil, varying moisture content.



REFLECTION 8. ~ 53°00'
: SOURCE
; : ™ A\ = 49804
y FOR ALL TESTS:
E‘ . NATURAL LIGHT
: SAMPLE
1
f.
"' 100
I symsoL CONDITION
- o o0 DRY
2ol xx xx MOIST (6.2% BY WEIGHT). MOIST SURFACE
] HAD A SCULPTURED APPEARANCE
. § wl
! w0l .
Y

PEFLECTION ANGLE

Figure 5. Oypsum sand, varying moisture content.




FURTHEF. CONSIDERATIONS

'f a polarization analyzer is to be used &s a high-altitude
remote sensor, there remalns the problem of transmission through
g turbid atmosphere. The atmosphere itself can act as a
polarizing agent, especially at the shorter visible wavelengths,
Transmission of surface information would be much more

effective in the yellow, red, and near-infrared bands.

Research would be necessary to determine the optimum transmission
bands for various applications, as well as the extent of
distortions to be expected. Vertical profile meteorological
Instruments might be—used to help correct for the distortions.
Rao and others a2t UCLA have been studying the problem of
transmission of polarized |ight for some time, and

solutions are probably within reach,

Since the efnvisioned sensing system would involve optical
interaction with soil particles at the surface, any physical
oondition which tends to limit that interaction could
constitute a physical hindrance to the system. A heavy
vegetative cover might cenceal enocugh soil to make the
resulting polarization percentages meaningless, depending on
the optical properties of the vegetation. A heavy dew could
cause misleading results in early morning readings. Each

of these limiting factors would have to be field-tested from
aircraft before the sensing system could be put into operation.

SUMMARY

Experiments have been performed on the extant of polarization
of light reflected from natural surfaces. Although other
variables remain to be tested, we have already fcund

that a change in soil moisture has a profound effact on

the polarization percentage of light reflected from the soil.
Thie fact could be used as the basis for a remcte sensing system
for determining surface moistures, specifically through the

use of a rotating-analyzer reflectometer as part of a satellite
Instrurent package. Since angle of iliumination and angle of
observation are so Important to the resulting polarization,

a continual monitoring of these factors would have to be
performed by computer to allow an analysis of +he results.
Information from other sensors would be used to help determine
surface conditions.
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